SUMMARY -Th e purpose of the research was to compare oral health behavior and plaque indices between Croatian fi rst-year and fi nal-year dental students. Th erefore, 46.9% of fi rst-year and 47% of fi nal-year dental students were surveyed using the Hiroshima University Dental Behavior Inventory (HU-DBI) questionnaire and had their plaque indices determined. Descriptive statistics analysis, nonparametric tests, and correlation analysis were performed (p<0.05). Sixth-year students had a signifi cantly better mean HU-DBI score (8.06) than fi rst-year students (6.45). Signifi cantly more fi rstyear students thought that they could not help having false teeth at their old age (p=0.007), had never been taught professionally how to brush (p=0.019), and used a toothbrush with hard bristles (p=0.001). Signifi cantly more fi nal-year students brushed each of their teeth carefully (p=0.008), thought they could clean their teeth well without using tooth paste (p=0.000), used a dye to see how clean their teeth were (p=0.002), and had their dentist telling them they brushed very well (p=0.028). Plaque index values were signifi cantly lower (p<0.05) among fi rst-year (7.94±0.72) than among fi nal-year (9.13±0.77) students. With advancement in dental training, oral health attitudes improved, but the level of dental students' oral hygiene decreased.
Introduction
Oral diseases such as dental caries and periodontal disease present signifi cant public health problems worldwide, and a strong need for public oral health promotion and organized eff orts in improving oral health behavior has been recognized by the World Health Organization (WHO) 1 . Th e reported decaymissing-fi lling-tooth (DMFT) index for 12-year-olds in Croatia was 3.5, which puts this newly joined European Union member on the list of countries that have not achieved the WHO Goal 2000 of a DMFT index less than 3.0 for 12-year-olds 2 . A very high prevalence of caries and periodontal diseases in adult Croatian population has also been reported 3 . Th e presence of microbial biofi lm, i.e. plaque on teeth, is the key factor for the development of caries and periodontal diseases, and if regularly removed, the risk for the development of the mentioned diseases is considerably reduced 4 . Th e relationship between poor oral hygiene and some serious systemic conditions has been reported 5 .Th e population motivation and education on proper oral hygiene is therefore of utmost importance, and dental health professionals have an important role in improving the level of oral health education. It is thus needed that dental students during their preclinical and clinical studies receive education regarding oral health and challenges which dental profession faces in their population, so they can focus on the prevention rather than treatment, and to educate and motivate their future patients to improve their oral health behavior 6, 7 . It has been reported that dental students' oral health attitudes and behavior diff er among countries [8] [9] [10] [11] [12] and among preclinical and clinical dental students 7, [13] [14] [15] [16] [17] . Th ere were certain suggestions and eff orts made to standardize undergraduate dental education worldwide, including education on oral health promotion 7, 8 . In that sense, the Hiroshima University Dental Behavior Inventory (HU-DBI) methodological instrument is a very valuable tool enabling comparison of dental students' oral health behavior in diff erent countries following diff erent curricula 8 . Little is known about the oral health behavior of Croatian dental students and the infl uence of educational training on their oral health regimes, attitudes and knowledge. First-year dental students in Croatia take basic medical science courses. Starting from the second year, they take cariology and restorative dentistry, and from the third year oral hygiene and periodontology courses. Until recently, there was no specifi c course on oral health behavior in the curriculum, and the subject was taught within cariology, restorative dentistry, pediatric dentistry, periodontology and public health courses.
Th e objective of this study was to compare the fi rstyear and the fi nal (sixth)-year dental students at Zagreb University regarding oral health behavior using the HU-DBI, and to estimate the infl uence of dental training on the oral care regime by determining plaque index as an indicator of the present oral hygiene level, using the modifi ed Greene-Vermillion method 18 .
Subjects and Methods
Th e research was approved by the Ethics Committee of the School of Dental Medicine, Zagreb University, and Administration for Secondary Education of the Ministry of Science, Education and Sports of the Republic of Croatia (Class 602-01/11-01/00009, Register No. 533-09-11-0004).
Sixty-two fi rst-year dentistry students (accounting for 46.9%) and 47 (47.5%) sixth-year dentistry students aged between 18 and 26 years participated in the research after having signed the informed consent form. Before conducting the research, the linguistic equivalence study was done. In short, the HU-DBI that was to be used in the fi rst part of the research was translated by four bilingual dental medicine doctors independently. Th e translations were discussed and harmonized. Th e Croatian text was then back-translated into English by an English language teacher who had not seen the original text in English. Comparison with the original English version was done to check if they matched. Th e linguistic equivalence validation of English and Croatian versions was tested on a sample of eight bilingual fourth-year dental students. Cohen's kappa was used to test item agreement between the two language versions. Th e strength of agreement is refl ected by the calculated kappa value: fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect (0.81-1.0) 6 . Kappa coeffi cients for the twenty HU-DBI question items ranged from 0.67 to 1.0, which suggested that the Croatian version of the HU-DBI questionnaire was suitable for calculating scores that would be comparable to the ones obtained using English version of the questionnaire.
Th e Croatian version of the questionnaire regarding oral health attitudes and habits in tooth brushing was then distributed among students-participants and they fi lled it in. Th e questionnaire consisted of 20 dichotomous (agree-disagree) questions. On calculating the results, one point was added if the answer was either agree or disagree, depending on the question (see Table 1 ). Th e highest possible score equaled 12. A higher score signifi ed better knowledge, attitudes and habits regarding oral health. Th e HU-DBI questionnaire was developed by Kawamura, and it has been reported to have good test-retest reliability in a particular population tested 11, 12 . Also, it has been reported to be reliable in cross-cultural comparisons 16, 19 . In the second part of the research, plaque levels were determined in each participant using the modifi ed Greene-Vermillion method 18 and plaque test (Ivoclar Vivadent AG, Schaan, Liechtenstein). Dental arches were divided into sextants, three per jaw. Plaque indices were measured on vestibular and oral sides, and the highest plaque index in a sextant was recorded. Plaque index value 0 was recorded if there was no plaque in the sextant, 1 where there was less than onethird of a tooth surface covered with plaque, 2 where more than one-third and less than two-thirds of a tooth surface was covered with plaque, and 3 where more than two-thirds of a tooth surface was covered with plaque. Th e recordings of plaque indices were e. between the fi rst-and fi nalyear students. After univariate analyses by comparing the answers of the fi rst-and fi nal-year students, binary logistic regression was performed where the stage of dental education was dependent variable. Null hypothesis that the regression coeffi cients were zero was tested using Wald statistics. Th e ability of the model to distinguish between the fi rst-year and fi nal-year students was assessed using Nagelkerke's R2 statistics. Statistical analysis was done using SPSS ver. 17 software (IBM, Armonk, NY, USA).
Results
Altogether 109 students participated in the research: sixty-two (46.9%) fi rst-year students and fortyseven (47%) sixth-year students. Table 1 shows distribution of answers to twenty HU-DBI questionnaire items. Statistical analysis showed signifi cant diff erence between the fi rst-year and sixth-year dental students in total HU-DBI score, which was signifi cantly higher for sixth-year dental students (Mann Whitney U test, Z=-5.079, p=0.0001). Th e mean HU-DBI score was 8.06±0.22 for sixth-year students and 6.45±0.18 for fi rst-year students. Figure 1 illustrates total HU-DBI questionnaire scores for the two groups of students.
Th e mean values of plaque indices per sextants and jaws for fi rst-year and sixth-year students are shown in Figures 2 and 3 . Total plaque index for fi rst-year students (7.94±0.72) was signifi cantly lower than for sixth-year students (9.13±0.77). Final-year students had more plaque than fi rst-year students in four sextants. Th e diff erence was statistically signifi cant for lower frontal sextant (Mann-Whitney U=1134.500, Z=-2.069, p=0.039) and lower left sextant (MannWhitney U=1017.000, Z=-2.771, p=0.006).
Th e estimated coeffi cients and related statistics from the binary logistic regression model that predicts group membership (Wald backward stepwise method) are listed in Table 2 . Th e sixth-year students were more likely to think that they could clean their teeth well without using a toothpaste and used a dye to see how clean their teeth were, while fi rst-year students were more likely to use a toothbrush with hard bristles. Th e Nagelkerke R 2 statistics was 0.514, meaning that 51% of the variance was explained by the regression model.
Discussion
A number of studies dealing with self-evaluation of oral health and oral hygiene habits were conducted among diff erent populations, and HU-DBI was one of the most frequently used methodologies, which enables comparisons between diff erent countries, cultures and educational systems 8 . We found that the overall mean HU-DBI score of the fi nal-year students was signifi -
Fig. 1. Comparison of Hiroshima University Dental Behavior Inventory (HU-DBI) scores between fi rst-year and sixth-year dental students at the School of Dental Medicine, University of Zagreb (p<0.05).
cantly higher than that of the fi rst-year students. Th e same pattern was observed in other countries where dental students at diff erent levels of their training were compared regarding oral health behavior and attitudes 7, 10, [13] [14] [15] [16] [17] .Th e total HU-DBI score of the fi nal-year dental students in Croatia was 8.06 and exceeded the values of the mean dental students' scores in Britain (7.33), Turkey (6.53±1.99), Greece (6.86±1.83), China (5.07), and Japan (7.40±2.55) 10, 16, 17 . Th is slightly better score could be attributed to the sixth study year. HU-DBI score for the fi rst-year students (6.45) is, however, below the reported mean values for dental students in the mentioned countries, and is nearest to the values reported for Greece and Turkey which are, of the mentioned, geographically nearest.
When analyzing particular items, our results showed that signifi cantly more fi rst-year students thought that they could not help having false teeth when growing old, signifi cantly more of them had never been taught professionally how to brush, and also used a toothbrush with hard bristles. Signifi cantly more fi nal-year students brushed each of their teeth carefully, thought they could clean their teeth well without using tooth paste, used a dye to see how clean their teeth were, and had their dentist telling them that they brushed very well. Domitrescu et al.
14 found that Romanian students at higher years fl ossed regularly more likely, and similar to our study, used a toothbrush with hard bristles. It has been reported that preclinical students in Turkey, Jordan and Greece put off going to the dentist much more frequently than clinical students 7, 15 . Th is putting off going to the dentist by preclinical students was related to professional instruction on tooth brushing received less frequently and being less frequently told they brushed well 7 . On the contrary, the level of dental training did not infl uence the frequency of dental visits in our study, but significantly more fi nal-year students received professional instructions on how to brush, and were told that they brushed well. Signifi cantly more fi rst-year students brushed their teeth with toothbrushes having hard bristles, and this pattern has been reported for the students in Britain, Turkey and Jordan as well [15] [16] [17] . According to the results of our study, Croatian students are not very much concerned about aesthetics, and less than 5% worry about the color of their teeth, unlike British students where 49% of fi rst-year students and 26% of fi nal-year students worry about the color of their teeth 16 . Anyway, the percentage of students checking their teeth in a mirror after brushing was relatively high, i.e. 65.6% and 74.5% for the fi rst-year and sixth-year students, respectively.
Th e importance of dental plaque in the development of dental caries and periodontal diseases was confi rmed in many studies, and proper oral hygiene plays a crucial role in their prevention 20, 21 . Education for dental hygienist professionals has not yet been established in Croatia, therefore education of the general population on oral hygiene skills and oral health care lies entirely on dentists. During their studies, dental students should, besides receiving the knowledge on proper oral health care, get familiar with the techniques of motivating and conveying the knowledge on oral hygiene skills onto their patients. Some schools of medicine have introduced a motivational interviewing curriculum in their programs with an attempt to teach students behavior change skills. Motivational interviewing has been minimally studied in dental environment, but shows promise as a useful technique to help patients change their oral health behaviors 22 . Considering their education, personal oral hygiene of dental professionals is expected to be at a very high level. A study on how the knowledge obtained during undergraduate/graduate dental school training infl uences students' own oral health regimes could be indicative of the potential of the future professionals as motivators and educators of their patients.
Recent comparative studies between dental and other students at Zagreb University regarding oral health behavior and caries prevalence showed that dental students had signifi cantly better oral health behavior and exhibited signifi cantly lower DMFT and community periodontal index (CPI), although the DMFT was very high in both groups, i.e. 6.96 and 8.97, respectively 3 .Th is could be attributed to ineff ective preventive measures, and brings forward the problem of dental professionals focusing on treatment rather than eff ective prevention 7 . Our study demonstrated that fi nal-year students showed a signifi cantly higher level of knowledge on oral health care issues, which further confi rms the already pointed out importance of formal education of future dentists in the aspects of oral health care and prevention. Nevertheless, fi nal-year students had a high plaque index, and it was utterly surprising that the knowledge and attitudes were not justifi ed with proper oral hygiene. In two sextants, plaque indices were signifi cantly higher than in their fi rst-year counterparts. Th ere are a few possible reasons for this result: (i) fi nal-year students were more burdened with study- ing for exams, unlike fi rst-year students who did not have exams during the research; (ii) entering new faculty and still clear decision to be occupied with oral health in their future, could be highly motivating for fi rst-year students; and (iii) the knowledge on the chemistry of plaque, and demineralization-remineralization equilibrium could make the students believe that they are in control of these processes, and that until plaque is mature and metabolically active in fully anaerobic environment, they need not worry about the soundness of their hard dental tissues 23 . Nevertheless, it is hard to explain these inconsistencies and the reasons listed above should be considered only as an attempt to explain the unexpectedly poor oral hygiene among almost graduated dentists. Yildiz and Dogan 17 compared self reported oral health behavior between pre-clinical and clinical dental students, and report higher gums bleeding among clinical students. Although they found it unexpected, the authors state that further studies which could relate self reported behavior with actual oral hygiene should be conducted. On the other hand, a number of reports on cross-cultural HU-DBI scores [8] [9] [10] 12 are concentrated on cultural diff erences and the dynamics of HU-DBI score improvement during dental training rather than comparing them with plaque score values.
Similar to our results, the study carried out by Rahman and Kawas 24 also showed that motivation is almost as important as education for good oral hygiene. Th ey conducted the study only among fi rst-year students in the United Arabic Emirates and found that students who scored higher in HU-DBI questionnaire had higher plaque indices and gingival bleeding indices. Th e same dilemma as in our study arose which could bring about the trustworthiness of the self-evaluation questionnaire, since the self-evaluated oral health care habits are inconsistent with the actual oral state. Also, the consequence of wrongly estimated oral health care habits and the perception of personal oral hygiene as good could in the sixth-year students be the reason for visiting dental offi ce less frequently 10 . Nevertheless, it has been reported that periodical reinforcements of preventive educational programs led to more reduced plaque indices than a preventive program carried out on one occasion 25 . It might therefore be that the preventive dentistry topics and oral health motivation should be incorporated in more curricula during undergraduate/graduate dental studies.
Conclusions
Th e increased HU-DBI score for the fi nal-year students refl ects the adoption of the concepts of prevention in oral health care, but the recorded lower level of oral hygiene suggests that the curriculum does not motivate them to practice self-oral care to a desired extent. Self-care should be more emphasized in the context of self benefi t, as well as in the context of a dentist presenting a role model for his/her patients, and an educator on oral health care skills such as professional tooth brushing. Th e incorporation of preventive dental science and public health concepts in multiple curricula during dental studies might be motivating for self care regime among dental students.
